Background: The objective of this survey was to explore the association between pregnancy complications and perinatal outcome from regionally total birth population. Methods: In this prospectively collected data of complete birth registries from all level I-III hospitals in Huai'an in 2015, perinatal morbidity and mortality in relation to pregnancy complications and perinatal outcome were analyzed using international definitions. The results were compared with that of 2010 survey in the same region. Results: Of 59,424 total births in the hospitals of level I (n = 85), II (16) and III (6), delivery rate was 30.4, 40.1 and 29.5%, and rates of pregnancy complications were 12.9, 9.8 and 21.1% (average 14.1%), with antenatal corticosteroids rate in < 37 gestational weeks being 17.3, 31.0 and 39.9% (mean 36.6%), respectively. The preterm birth rate was 0.6, 2.7 and 9.5% (mean 4.06%), and the composite rate of fetal death, stillbirth, and death immediately after delivery was 0.1, 0.4 and 0.6%, respectively. By multivariable logistic regression analysis, congenital anomalies, low Apgar scores, multi-pregnancy and amniotic fluid contamination were risk factors of adverse perinatal outcomes. Despite a higher rate of pregnancy complications than in 2010 survey, perinatal and neonatal mortality continued to fall, in particular in very preterm births. The high cesarean delivery rate in non-medically indicated cases remained a challenge. Conclusions: Our regional birth-population data in 2015 revealed a robust and persistent improvement in the perinatal care and management of high risk pregnancies and deliveries, which should enable more studies using similar concept and protocol for vital statistics to verify the reliability and feasibility.
Background
The outcome of neonates undergoing hospitalization at early postnatal life is associated with prenatal and postnatal morbidities [1] [2] [3] [4] . With medical advances in both obstetric care for high-risk pregnancies and neonatal intensive care, the survival rate of preterm and critically ill neonates has been steadily increased in many regions of China [1, [5] [6] [7] [8] [9] [10] . This progress has been facilitated by the implementation of a nationwide universal health insurance, namely "New Rural Cooperative Medical Scheme" for hospital deliveries and hospitalized neonates since 2010 [2, 11] . However, the relationship between pregnancy, or perinatally-associated, co-morbidities and complications (shortly referred as pregnancy complications in below text) and the outcome of hospitalized neonates remain to be clarified in sub-provincial regions. These regions constitute a large part of China and are responsible for the majority deliveries nationwide, with otherwise relatively underdeveloped perinatal-neonatal care infrastructures compared to economically advantageous coastal regions surrounding prosperous metropolitan cities. Our 2010 Huai'an survey was hitherto the very first reporting on co-morbidities and complications in all pregnancies, perinatal and neonatal mortality, preterm birth rate and preterm infants mortality in the sub-provincial birthpopulation level [12, 13] . Given the incompleteness and inaccuracy of current official vital statistics on all births not including those neonates with a gestational age < 28 weeks [6, 14] , our concept and methodology of regional birth-population based registry may provide a valuable tool for assessing quality of maternal-fetal care and perinatal and neonatal outcomes. In this regard, we conducted a second phase complete birth population-based survey in 2015 [15] , and evaluated the association between pregnancy complications and perinatal and neonatal death rates [15] . We hypothesized that with further improvement in maternal health care facilitated by universal health insurance, more pregnancy complications might be timely identified and managed at level II and III facilities, and contributed to a continued reduction of perinatal and neonatal mortality [12, 13] . Our purpose of the current study was to comprehensively explore the impact of pregnancy complications on perinatal and neonatal mortality, categorized by hospital levels, delivery modes as well as maternal age and education years as socioeconomic status. A thorough understanding in these aspects will substantially facilitate advances in the overall perinatal-neonatal care and quality improvement of the region.
Methods

Study region and population
The survey was conducted in Huai'an city, with a population of 5,400,000-5,600,000 and around 60,000 annual births in 2009-2014 [16] . Approximately 5% of the population was migrants from other regions. Of the total population, 55% were urban residents and the remaining lived in the rural area. The regional economic status, evaluated by gross domestic production per capita (GDP), is similar to the national average level in 2015 [16] . The socio-cultural background in this region does not differ from that in most east and mid-land provinces of China. The rate of hospital delivery in this region is > 99%, and since 2010 almost all rural residents and their newborns have been covered by the universal health insurance [12, 15, 17] .
Study design, protocol and ethical approval
Study setting: 107 level I-III hospitals (Table 1) Study design: prospective, cross-sectional survey of complete birth data from hospital deliveries with information on pregnancy complications and perinatal morbidities and mortalities.
Study population: all births (from gestational age of 22 complete weeks) [18, 19] including fetal death, stillbirth and live births collected consecutively from Jan 1 to Dec 31, 2015. Non-medical indication related end-ofpregnancy was not included.
Sample size: a sample size of 60,000 was estimated based on regional annual birth data in 2009-2014, including deliveries from migrants without registered residency.
Data collection: for all hospital deliveries, clinical data were extracted from case records through the regional perinatal-neonatal information system by co-investigators and task force group members from all level I-III hospitals in the regional hospital network [12, 15] .
Study variables: maternal characteristics included age, education years and socioeconomic status, as well as pregnancy complications, and perinatal and neonatal morbidity and mortality. Neonatal biological and pathological characteristics included sex, gestational age (GA), birthweight (BW), perinatal co-morbidities and death.
The study protocol was approved by the Ethics Committee of Huai'an Women and Children's Hospital. As data were collected from observational parameters and no specific intervention was used, the Ethics Committee approval waived informed consent. All the participating level II and III hospitals were invited as members of the Huai'an Perinatal-Neonatal Study Group (name list see Additional file 1: Table S1 ), and each hospital administrative body, as well as the departments, adopted and approved the Ethics Approval and the study protocol through official agreement, and complied by the domestic regulations for clinical practice and investigation (www.nch.gov.cn).
Definitions of vital statistics and perinatal morbidities
Live birth, fetal death, stillbirth, or death during delivery are defined according to the 10th revision of the international classification of diseases [18] . GA, BW and perinatal and neonatal death rate are described elsewhere [12, 13, 15] . Low birth weight is defined as birth weight < 2500 g, and preterm as GA < 37 complete weeks (< 259 days) [19] . To enable comparison with vital statistics from middle income or upper middle income countries by the World Bank classification, the perinatal period was defined as 22 complete weeks (154 days) of GA to 7 days postnatally and the neonatal period is the first 28 complete days after birth. As consistent with previous studies [12, 13, 15] , fetal death is synonymous with stillbirth, and is defined as born deaths (including fetal death and death during delivery but not immediately after birth, or Apgar score 0) per 1000 total births. Perinatal mortality refers to the deaths in perinatal period per 1000 total births. Neonatal mortality refers to the neonatal deaths (including deaths immediately after birth in the delivery room), in the first 28 days of postnatal life, per 1000 live births (again, including those died immediately after birth but with life signs at birth, or Apgar score ≥ 1). Death immediately after birth was defined for those requiring resuscitation but died within few minutes in the delivery room, often at the request of parents to discontinue resuscitation or withhold/withdraw rescue intervention. The diagnosis criteria of pregnancy complications were based on international definitions [20] . Perinatal morbidities, birth defects (BD) or congenital anomalies (CA) identified within the first 7 postnatal days, and major neonatal diseases were defined according to Fanaroff and Martin [21] and domestic clinical criteria. Data presented as rates were calculated using the number of total births, total live births or pregnancies as the denominator where appropriate. Quality control was conducted by on-site physician/investigators with training and educational sessions to ensure the accuracy and completeness of data retrieval [15] . Site visiting, telephone or e-mail communications were routinely carried out for verification and correction of the data. General periodical quality control inspections involving birth registration or medical records from all the level II and III (municipal and county) hospitals and 20% township hospitals were performed. Data of neonates transported to other tertiary centers (mainly in Nanjing, the capital of the province) were also retrieved. Major findings were compared with those of the 2010 survey [12, 13] .
Statistical analysis
The EPIDATA database was used for datasheet recordings and statistical analysis was performed using SPSS software (v. 16 
Results
Vital statistics
There were a total of 59,424 birth registries and 59,190 had complete perinatal information. Of them, 59,023 (99.7%) were live births and 167 were stillbirths (fetal deaths). The total birth rate was 10.5‰ (the regional population was 5644,500 in 2015). Table 1 illustrates maternal-fetal and neonatal baseline characteristics in three levels of the hospitals providing deliveries. Nearly 70% of deliveries took place in level II and III hospitals, which increased significantly compared to the 2010 survey (47.7%, χ 2 = 62.9, p < 0.001) [13] . Preterm infants with low BW, pregnancy complications, BD/CA, fetal death/stillbirth and perinatal and neonatal mortality were overrepresented in level II and III hospitals, demonstrating highly centralized management of high risk pregnancies and deliveries. There were 31 (0.5‰) neonatal deaths at delivery, compared to 106 (1.7‰) in 2010 survey. Similarly, the rate of fetal death/stillbirth demonstrated 1.1‰ (2.8 vs. 3.9‰) or a nearly 30% relative decline as compared to 2010 [15] . Compared to the data in 2010 [12, 13] , the rates of BD/CA, Apgar score ≤ 3 at 1 and 5 min, and neonatal death were moderately declined, but more infants were born with abnormal amniotic fluid in 2015. Additionally, fewer mothers with delayed age of child bearing (≥ 35 years old) were observed in 2015, accompanied by more mothers with education > 9 years. Compared to 2010 survey, an increased number of preterm infants were born in level III hospitals, both in the absolute number and the delivery rate in preterm population [(1059/2239, 47.3%) in 2010 vs. (1654/2404, 68.8%) in 2015, χ 2 = 220.7, p < 0.001]. A trend of increasing use of antenatal corticosteroids in preterm infants with GA < 37 weeks was found in all three level hospitals.
The perinatal and neonatal mortality was 5.2‰ (167 stillbirths/fetal death, 138 early neonatal deaths including 31 deaths at delivery) and 3.0‰ (180), respectively [15] . The main causes of perinatal mortality for 211 stillbirths and early neonatal deaths with ante-and intrapartum risks were BD/CA (42, 19.9%), intrauterine distress (31, 14.7%), birth asphyxia (18, 8.5%), hypertensive disorders of pregnancy (HDP) and other complications (11, 5.2%), abnormal umbilical cord (nuchal cord, funisitis) (10, 4.7%) and placenta (placenta previa, abruption) (7, 3.3%) and sepsis (4, 1.9%). In the neonatal deaths 87 (48.2%) were preterm, and 57 (31.7%) were very preterm (< 33 weeks of gestation). Of the 136 hospitalized neonatal deaths caused by parents' decisions of treatment withhold/withdraw, 37.9% were related to deterioration of underlying diseases, 31.8% to worse prognosis for long-term outcomes, 16.7% resulted from severe malformations, 12.1% due to economic reasons, and 1.5% for other reasons.
Pregnancy complications
Pregnancy complications, such as premature rupture of membrane (5267, 8.9%), HDP (2920, 4.9%), anemia (4522, 7.6%), preeclampsia (2525, 4.3%), placenta previa (388, 0.6%), hepatitis (2355, 4.0%) and diabetes (904, 1.5%) were recorded in 14.1% of total births. Table 2 compares the maternal and perinatal characteristics between births with recorded pregnancy complications and those without. The rate of cesarean delivery, fetal death/stillbirth, preterm birth, low BW, multiple births, BD/CA, death at delivery, and neonatal death were significantly higher in those with pregnancy complications than those without. Tables 3, 4 and 5 illustrate pregnancy complications categorized by BW, GA and delivery mode, respectively. Tables 6 and 7 show perinatal morbidities and mortalities categorized by maternal age or education years, respectively. It is obvious that mothers with delayed child bearing (i.e. age ≥ 35 years) were more likely than younger (< 20 years) mothers to have preterm and low birth weight infants. This survey also indicated that < 1% of all mothers were illiterate, mothers with education > 9 years were more likely to develop pregnancy complications, be admitted to level III hospitals, have severely contaminated amniotic fluid, and deliver preterm and/or low birth weight infants than mothers who were less educated. However, cesarean section, low Apgar score, neonatal deaths (including death at delivery) and BD/CA did not seem to be more prevalent in the mothers with education > 9 years than those who were less educated. Table 8 illustrates the results from uni-(part A) and multivariable (part B) binary logistic regression analysis of risk factors for perinatally associated mortality. By multivariable regression, only BD/CA and Apgar score ≤ 7 at 5 min were the most prominent risk factors whereas multiple births, low GA, amniotic fluid contamination and Apgar score ≤ 7 at 1 min were the modestto-moderate risk factors for the mortality, all with statistical significance. High risk pregnancy, pregnancy complications and BW were no longer significant risk factors for perinatal mortality compared to the 2010 data analysis [12, 13] .
Risk factors for perinatal outcome
Discussions
This study mainly illustrated the impact of pregnancy co-morbidities and complications on perinatal and neonatal mortalities (Tables 1 and 2 ). Compared to the survey in the year of 2010, our 2015 survey revealed important changes in the quality of maternal-fetal and perinatal care paralleled with socio-economic development in emerging regions in China. Above all, the improved perinatal-neonatal outcome is very likely to be associated with highly centralized deliveries at level II and III hospitals [22, 23] . Moreover, pregnancy complications were more timely diagnosed and actively managed in 2015 than in 2010, which probably contributed to improved perinatal outcome despite increasing proportions of pregnancy complications, preterm births and neonatal hospitalization after delivery, as well as an increasing, but still low, rate of antenatal corticosteroid use in preterm births through 2010 to 2015. In 2015 survey, we also noticed a relatively lower proportion of delayed child bearing with dramatically increased proportion of mothers with an education > 9 years. Improved health-care infrastructures in sub-provincial facilities, optimized resource relocation highlighted by centralization of high-risk pregnancies and deliveries, as Values are given in numbers and percentage (% of all births in each gestational age category) or mean ± SD. Percentage of total numbers of all births includes fetal death/stillbirths and neonatal death at delivery (see Table 1 Great regional inequity exists in China, posing a substantial challenge to estimate vital statistics [12, 24] . The previously adopted national surveillance system [1, 2, [4] [5] [6] by means of hospital sampling has limitations in representativeness for perinatal care and outcome due to lacking of data from deliveries in most level I to III hospitals. The inclusion of level I (township) hospitals, which had lower rate of preterm births, perinatal and neonatal mortality but consisted around 30% in the total deliveries in the whole region, was the main advantage in contrast to that reported from the nationwide surveillance system for BD/CA and vital statistics in the past decade [1, 2, [4] [5] [6] . Notably, neonates born with detectable life signs but died shortly in the delivery room may be misclassified as stillbirths rather than live births in daily obstetric practice as well as in the data presentation from nation-wide surveillance systems. These might account for a much higher stillbirth rate than our data, which should be born in mind not to overestimate the nation-wide situation for stillbirths [14, 25] . As a national birth-population survey including all births in China is very difficult, if possible, to conduct, a representative regional birth-population would be an expedient and plausible alternative for each province to start with. As the sub-provincial regions like Huai'an approaches the national average level in terms of economics represented by GDP, population characteristics and maternal-infant health care standard, we deemed that vital statistics in Huai'an would represent a large proportion of regions in China with similar socioeconomic status, namely emerging regions [12] . With the future establishment of more regional whole birth population registries in various regions, we may be able to more accurately assess the status of perinatal-neonatal healthcare in China.
Compared to the 2010 survey, the incidence of pregnancy complications (14.1%) was significantly enhanced in 2015, mainly contributable to the increase in moderate-to-severe anemia and gestational diabetes mellitus. The incidence of infections during pregnancy in 2010 was 1.8‰ [13] , compared to < 2‰ in the current study (data not shown), indicating that infections may not be a leading pregnancy complication in this context. Because deliveries in 2015 were highly centralized in level II and III hospitals (70% of all deliveries), where the accuracy and consistency of diagnosing pregnancy complications can be ensured [15] , we speculate that there was inaccuracy in diagnosis and underreporting of pregnancy complications in 2010 [13] . Moreover, the potential perinatal comorbidities and disease burden of neonates born to mothers even without pregnancy complications should not be underestimated. In-depth analyses will be carried out in future studies to explore the severity of pregnancy complications and antenatal treatment in relation to perinatal outcome.
Another problem is the persistently high proportion of cesarean sections lacking clinical indications (Table 5) . In particular, 39-50% of VLBW infants with a GA < 32 weeks were born via cesarean delivery (Tables 3 and 4) . The high cesarean delivery rate in mothers without pregnancy complications may be partly due to pain in labor and/or disproportionately large fetal body size, especially for the subgroup of infants born full term or post-term with a BW approaching or over 4000 g (Tables 2 and 3 ) [15] . Whether clinical pathological conditions other than the defined pregnancy complications were implicated in the high rate of non-indicated cesarean section requires further in-depth investigation. For maternal age ≥ 35 years old, the pregnancy complications, preterm birth rate and cesarean deliveries were significantly higher than those < 35 years old, however, risks of low BW, multi-births and BD/CA were modestly high, or not.
Notably maternal mortality rate was reduced from 23/ 100,000 total births in 2010 to 12/100,000 in 2015 in the Perinatally-associated mortality denotes a ratio of sum of all fetal deaths/stillbirths plus all neonatal deaths versus total births, listed in Tables 1, 2 As references of the opposite category (level III, female or yes) of corresponding variables in part A study region (Zhu X unpublished data). The main death causes were related to high risk pregnancies, such as amniotic fluid embolism, pulmonary embolism, postdelivery hemorrhage, stroke and sepsis. Most of the maternal deaths occurred in mothers of rural residency, with an education < 9 years and were admitted to level I and II hospitals. With the universal implementation of second-child policy in 2016, we anticipate a rise in the risk of maternal death as well as incidence of pregnancy complications in the following years as a significant proportion of mothers would be at delayed child-bearing age. The incidence of, and perinatal outcome associated with, the pregnancy complications in current survey may serve as a benchmark for future comparison. The accurate reporting of stillbirths or fetal deaths is a key issue. In both 2010 and 2015 surveys, the perinatal mortality was calculated using the total numbers of stillbirths (and fetal deaths) from 22 weeks of gestation and neonatal death at the first postnatal week as the numerator [12, 13, 15] . In 2010 survey [15] , the rates of stillbirths, death immediately after birth and early neonatal deaths were 3.9‰, 1.7‰ and 3.8‰, respectively. By comparison, the corresponding rates in 2015 showed significant reduction, being 2.8‰, 0.5‰ and 2.3‰ respectively (p < 0.001). In the US, the incidence of fetal deaths was 6.0‰ in 2013-2014 [26] , with infants born in 20-27 weeks of gestation contributing to around half of the fetal deaths. A recent survey of nearly 4 million births in 2012-2014 from 441 sampled hospitals in China revealed a stillbirth rate of 8.8 per 1000 births [14, 25] . However, neither perinatal mortality rate nor death immediately after birth (with resuscitation in the delivery room) was included, indicating serious limitations in the methodology and may produce biased or misleading results in the causes of perinatal-neonatal deaths [1, 2, 5, 6] . Based on our studies, we estimate a nation-wide stillbirth rate to be around 5-7‰ when neonates with a GA ≥ 25 weeks were taken into account. Controversies remain as whether the definition of stillbirths should start from the gestation of 22 or 25 weeks instead of 28 weeks, and the diagnosis of death immediately after birth in live births may be difficult in level I-III facilities [15] . The definition of perinatal mortality used in our studies is not yet, but preferably, adopted by the official reporting system for birth related vital statistics from the Chinese national health authority [17] . The US vital statistics [26] in 2014 demonstrated 3,988,076 total births by complete birth registry, compared with 16-17 millions in China in 2014-2017 by estimation from the sampling data [17], corresponding to a birth rate around 12.5‰ in the US vs. 11.8‰ in China [16] . The preterm birth rate in the US declined from 12% in 2000-2010 to < 10% in 2013-2014, whereas in Europe and other industrialized countries, the preterm birth rates were reported to be 6-8% [26] . Other developing country in Asia, such as Vietnam, has shown a similar preterm birth rate (< 5%) in emerging regions [27] as in our study. This corroborates the roles of both biological and socioeconomic factors in vital statistics and perinatal care.
As consistent to the 2010 survey, maternal age and education years as socioeconomic factors continued to impact on the regional perinatal and neonatal outcome [28] [29] [30] [31] . Our data revealed that the pregnancies with age < 20 years old had modestly increased rates in low birth weight, preterm births, and CA/BD, compared to the normal age (20-34 years old) pregnancies (Table 6 ). In the uni-and multivariable logistic regression analysis, the pregnancy with delayed child bearing (age ≥ 35 years old) tended not to significantly contribute to the worse perinatal outcomes such as fetal death/stillbirths and neonatal deaths (Table 8) . Likewise, the dramatic improvement in the maternal education years in 2015 survey should have also indirectly contributed to the reduction of worse perinatal outcome (Tables 7 and 8) . Taking together the results from uni-and multivariable logistic regression analysis, the impact of perinatal risks on the changes in perinatal and neonatal outcome was associated with maternal biological, clinical and socioeconomic status over the two epochs, reflecting the improved management of pregnancy complications and other major perinatal risks as well as infrastructure of the perinatal network, as evidenced by both surveys.
In regard to limitations in the study design, the causal relationship between pregnancy complications and perinatal outcomes could not be elicited. However, it provides comprehensive information revealing the potential impact of pregnancy complications on perinatal outcomes at the birth population level. Given a serious lack of data in maternal-fetal and neonatal care in China, this study may be valuable to address this gap of knowledge. Moreover, severity of pregnancy complications was not stratified, and detailed data concerning service quality associated with management of high-risk pregnancies and pregnancy complications in the included hospitals was insufficient too, which limits in-depth investigation such as cost-effectiveness assessment for the relationship or efficiency of health care policies. As Huai'an is considered to be representative of the emerging regions, information on the medical infrastructure and the standard of care in the region may help to better evaluate the current status in China. It is desirable that birth populations of sub-provincial regions in each province be first investigated, thereafter extending to the whole province level. Gradually a comprehensive national perspective might be achieved.
Conclusion
In conclusion, results from this survey revealed the relationship between high risk pregnancies and perinatal
